Over twenty distinct families of long terminal direct repeat (LTR)-containing retrotransposons have been identified in Drosophila melanogaster. While there have been extensive analyses of retrotransposon transcription in cultured cells, there have been few studies of the spatial expression of retrotransposons during normal development. Here we report a detailed analysis of the spatial expression patterns of fifteen families of retrotransposons during Drosophila melanogaster embryogenesis (17.6, 297, 412, 1731, 3S18, blood, copia, gypsy, HMS Beagle, Kermit/flea, mdgl, mdg3, opus, roo/B104 and springer). In each case, analyses were carried out in from two to four wild-type strains. Since the chromosomal insertion sites of any particular family of retrotransposons vary widely among wild-type strains, a spatial expression pattern that is conserved among strains is likely to have been generated through interaction of host transcription factors with cw-regulatory elements resident in the retrotransposons themselves. All fifteen families of retrotransposons showed conserved patterns of spatially and temporally regulated expression during embryogenesis. These results suggest that all families of retrotransposons carry cw-acting elements that control their spatial and temporal expression patterns. Thus, transposition of a retrotransposon into or near a particular host gene -possibly followed by an excision event leaving behind the retrotransposon's cw-regulatory sequences -might impose novel developmental control on such a host gene. Such a mechanism would serve to confer evolutionarily significant alterations in the spatio-temporal control of gene expression.
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Summary
Over twenty distinct families of long terminal direct repeat (LTR)-containing retrotransposons have been identified in Drosophila melanogaster. While there have been extensive analyses of retrotransposon transcription in cultured cells, there have been few studies of the spatial expression of retrotransposons during normal development. Here we report a detailed analysis of the spatial expression patterns of fifteen families of retrotransposons during Drosophila melanogaster embryogenesis (17.6, 297, 412, 1731, 3S18, blood, copia, gypsy, HMS Beagle, Kermit/flea, mdgl, mdg3, opus, roo/B104 and springer) . In each case, analyses were carried out in from two to four wild-type strains. Since the chromosomal insertion sites of any particular family of retrotransposons vary widely among wild-type strains, a spatial expression pattern that is conserved among strains is likely to have been generated through interaction of host transcription factors with cw-regulatory elements resident in the retrotransposons themselves. All fifteen families of retrotransposons showed conserved patterns of spatially and temporally regulated expression during embryogenesis. These results suggest that all families of retrotransposons carry cw-acting elements that control their spatial and temporal expression patterns. Thus, transposition of a retrotransposon into or near a particular host gene -possibly followed by an excision event leaving behind the retrotransposon's cw-regulatory sequences -might impose novel developmental control on such a host gene. Such a mechanism would serve to confer evolutionarily significant alterations in the spatio-temporal control of gene expression.
Introduction
Retrotransposons are a widely distributed group of eukaryotic mobile genetic elements that transpose via RNA intermediates. Among eukaryotes, the greatest number and diversity of such elements have been described in Drosophila. Some ten percent of the Drosophila melanogaster genome consists of moderately repeated transposable elements (Finnegan & Fawcett, 1986) . There are about fifty families of such elements, and they are divided into different categories according to their structure and mechanism of transposition (Finnegan & Fawcett, 1986) . The largest group is comprised of the copia-like elements, or LTR-containing retrotransposons, over twenty of which have been described to date. These resemble retroviral proviruses and possess long terminal direct repeats (LTRs) and open reading frames that encode 1 Present address: Amgen Inc., 1840 DeHavilland Drive Thousand Oaks, CA 91320-1789. 2 Author for correspondence.
in particular a polypeptide with sequence similarity to retroviral reverse transcriptase. These elements have been demonstrated to transpose by a mechanism similar to that found in the retroviral life cycle: they are transcribed into RNAs, these RNAs are reverse transcribed into DNA copies, and these DNAs are capable of integration into different chromosomal sites (Heidmann & Heidmann, 1991) . Transcription of a retrotransposon provides not only the necessary RNA template for the DNA intermediate, but also the mRNAs that encode the proteins required for transposition.
There has been extensive analysis of the mechanism and control of retrotransposon transcription. Most of these studies have been carried out using cultured cell lines (Arkhipova & Ilyin, 1992 , for a review). Developmental and hormone-dependent regulation of retrotransposon transcription have been reported for elements from Drosophila (Flavell et al., 1980; Micard et al., 1988; Parkhurst & Corces, 1987; Peronnet et al., 1986; Scherer et al., 1981 (asterisk) , and commences at the antero-ventral tip of the embryo (arrowhead). (E-G) Fully extended germ band stages. Accumulation occurs in the somatic mesoderm in a segmentally repeated pattern, and continues in the stomodeum (arrowheads). Anterior is to the left and dorsal up, except in (G), which is viewed from the dorsal side. Young, 1982; Ting et al, 1992; Young & Schwartz, 1981) , mouse (Keshet, Schiff & Itin, 1991 , for a review; Ting et al., 1992) , plants (Pouteau et al., 1991; Radicella et al., 1992) and yeast (Errede, 1993; Lohning, Rosenbaum & Ciriacy, 1993; Yu & Fassler, 1993) . Although tissue-specific transcription ofDrosophila retrotransposons has appeared likely for some time (Meyerowitz & Hogness, 1982) , few such cases have been documented (Brookman et al., 1992; Huijser et al., 1988; Lankenau, Corces & Lankenau, 1994; Mozer & Benzer, 1994) .
Here we examine the expression patterns of fifteen families of retrotransposons during Drosophila embryogenesis. We report dynamic temporal and spatial regulation of transcription of each of these families of elements and demonstrate that each family of elements exhibits a pattern of expression that is conserved among strains with widely differing sites of insertion. These results suggest that each family of elements carries internal c/s-regulatory sequences that control its expression pattern. We discuss the biological significance of our findings with particular emphasis on their possible implications for the evolution of developmental gene regulation.
Materials and methods

Fly strains
Wild-type strains used in this study were Oregon-R (O-R), Canton-S (C-S), Urbana-S (U-S) and Lausanne-S (L-S).
RNA tissue in situ hybridization to whole-mount embryos and ovaries
Whole mount RNA tissue in situ hybridization was based on the method of Tautz and Pfeifle (Tautz & Pfeifle, 1989) with the modifications described in (Ding, Parkhurst & Lipshitz, 1993) .
Probes for in situ hybridization
Probes were synthesized from purified restriction fragments or from the products of enzymatic amplification, as follows. B104: a 4.4 kb Hindlll-Xhol fragment (Scherer et al., 1982) . 3S18: a 4 kb BamHI fragment (Bell et al., 1985) . 412: four Hindlll-EcoRI fragments with a total length of 4.4 kb, from nucleotides 1621 through 5984 (Yuki et al., 1986) . mdgl: a 2.8 kb EcoRI fragment from plasmid Dm 225 . flea: a 4.9 kb Pvul fragment (Kidd & Young, 1986) . Kermit: a 4 kb Xbal fragment (Bender, Spierer & Hogness, 1983) . 297: a 3.5 kb Xbal-Xhol fragment from plasmid cDM4006 (Mossie, Young & Varmus, 1985) . 1731: a 3 kb BamHI-Sall fragment from plasmid pFP5c (Peronnet et al., 1986) . mdg3: A 5.2 kb Hindlll fragment . springer: 1.1 kb and 3.5 kb EcoRI-Sall fragments (Karlik & Fyrberg, 1985) . copia: a 2.6 kb fragment from the internal Hindlll site to the end of the 3'-LTR (Mount & Rubin, 1985) . HMS Beagle: a 3.9 kb SallXhol fragment (Snyder et al., 1982) . opus: a mixture of the 1.6 kb and 3.2 kb Sall-EcoRI fragments (Kidd & Young, 1986) . gypsy: a 4.5 kb PvuII-XhoI fragment (Marlor, Parkhurst & Corces, 1986) . blood: two primers, oligol and oligo2, were designed based on the LTR sequence (Bingham & Chapman, 1986; Lavorgna et al., 1989) . Oligol: 5'-GGT ACA CTG TAC CTA TAA GTA-3', and Oligo 2: 5'-TGC CAC CAA TTG AGA ACA CG-3'. PCR amplification of O-R genomic DNA with the above primers produced a single DNA fragment of the expected length (361 bp).
Results
To distinguish between expression of a retrotransposon under the control of its own cw-regulatory elements versus control of expression exerted by host genomic regulatory sequences located near the insertion site, we examined the embryonic expression pattern of each family of retrotransposons in two to four wild-type strains (see Materials and Methods). Since these strains differ markedly in their transposon insertion sites (Ilyin et al., 1978; Strobel, Dunsmuir & Rubin, 1979) , the probability of a spurious result caused by a host-site position effect is low. For 14 of the 15 families of elements studied here, the patterns were consistent among these different strains (the exception was opus). Thus, the expression patterns described below are representative of those found in all strains examined, and are likely to be controlled through sequences within the retrotransposons themselves. It should be noted that the expression patterns presented here for embryogenesis are complete: that is, each family of elements is expressed at high levels during embryogenesis only at the times or places described. Our data cannot, however, exclude the possibility that expression occurs at a low level in other tissues and/or at other stages of embryogenesis.
B104
B104 expression is first detected at the cellular blastoderm stage in the central yolk nuclei (Fig. 1A,  arrows) . At the onset of germ band extension, intense accumulation of B104 transcripts is also detected in the posterior midgut primordium and in the yolk nuclei immediately beneath these cells (Figs. IB and C, asterisk) . During germ band extension, transcripts additionally accumulate in cells at the antero-ventral tip of the embryo (Fig. ID, arrowhead) . By the fully extended germ band stage, staining in the yolk nuclei has decreased markedly ( transcript accumulation in the antero-ventral cells has increased and these cells have been brought internally with the stomodeal invagination (Fig. IE) . Novel expression can also be detected at this stage in the somatic mesoderm in a segmentally repeated pattern (Fig. IE) . As development proceeds, this mesodermal accumulation pattern becomes more intense (Fig. 1F ) and the mesodermal staining extends laterally to form rings around the embryo (Figs. 1F and G). After germ band retraction, both the intensity of the staining and the number of the cells expressing B104 are reduced dramatically (data not shown). In the fully developed embryo, the only detectable accumulation of B104 transcripts occurs at a low level in the central nervous system (CNS) (data not shown).
3S18
The only detectable 3S18 transcript accumulation during embryogenesis occurs in the malpighian tubules (Fig. 2) . 17.6 transcripts first accumulate during germ band extension in 12 pairs of segmentally repeated patches in the mesoderm on either side of the ventral midline (Fig. 3A, asterisks) . Shortly thereafter, transcripts accumulate in two pairs of bilaterally symmetric groups of cells in the dorsal head region (Figs. 3B and C. arrowheads). After germ band retraction, transcripts are still present in the somatic mesoderm on both sides of the embryo (Fig. 3C) . During dorsal closure, staining of the head persists and accumulation can also be detected in the gonad (Fig. 3D , curved arrow), as well as in the cells at the edge of the closing dorsal epidermis (Fig. 3D) . The gonadal staining persists throughout the remainder of embryogenesis (Figs. 3E and F, curved arrows). In the fully developed embryo, bilaterally symmetric clusters of cells within the brain accumulate high levels of 17.6 transcripts ( Fig. 3F . white arrowheads). These may be derived from the same cells that stain in the head region earlier in embryogenesis (Figs. 3D and E, white arrowheads). Lower levels of 17.6 transcripts can be detected throughout the rest of the CNS (Fig. 3G, brain [br] and ventral ganglion [vg] ). At this stage, there is also intense staining in salivary glands (Fig. 3G , open arrow).
412
412 RNA accumulation can first be detected during germ band extension in 13 pairs of segmentally repeated clusters in the mesoderm on either side of the ventral midline (Figs. 4 A-C, indicated by asterisks in B). These patches gradually extend toward the ventral midline and eventually fuse (Fig. 4E) . Two additional bilaterally symmetric patches of staining appear in the head region at the germ band extended stage ( (Brookman et al., 1992) , although those authors did not report accumulation oi412 transcripts in the CNS of the late embryo.
mdgl
The expression pattern of mdgl is virtually identical to that of the 412 element (data not shown). This result is consistent with the fact that these two elements are closely related to each other based on comparative sequence analysis (see Discussion) (Will, Bayev & Finnegan, 1981; Yuki et al., 1986) .
Kermit/flea
Southern blot hybridization analysis indicates that Kermit and flea cross-hybridize under high-stringency conditions, suggesting that their sequences are either identical or very closely related (data not shown). Kermit/flea transcript accumulation is first detected at the syncytial blastoderm stage in a stripe just anterior to where the cephalic furrow will form at about 65 % egg length (Figs. 5A-D, filled dots) . The staining shows a punctate pattern, indicating that the RNA is confined largely to the nuclei (most obvious in Fig.  5B ). The stripe is wider on the ventral side (15 cells on average) than the dorsal side (4 cells on average). In addition, two regions of more posterior staining emerge: a uniform stripe in the nuclei from 15-30% egg length (Figs. 5A-C, open dots) and a region of staining in cells along the dorsal midline from 15-50 % egg length (Fig. 5C ). This dorsal accumulation persists through germ band extension (Fig. 5D-F) . By the end of germ band extension (Figs. 5E and F) , the anterior staining intensifies and becomes restricted to the ventral side. Commencing at the germ band retraction stage, Kermit/flea transcripts accumulate ubiquitously throughout the embryo, gradually diminishing in concentration (data not shown).
297
Accumulation of 297 transcripts can initially be detected at the cellular blastoderm stage in an anterior stripe (Fig. 6A, dots) as well as in yolk nuclei (Fig. 6A , arrows). The stripe is most intense and widest on the ventral side, and persists through germ band extension (Fig. 6B-D, dots) . In late germ band extension, 297 transcripts accumulate in a series of segmentally repeated patches (Fig. 6D) . After germ band retraction, transcripts can be seen in the visceral mesoderm (Fig. 6E) and gonads (Fig. 6F, curved  arrows) . In fully developed embryos, high levels of 297 transcripts can be detected in the CNS (Fig. 6G, 
brain [br] and ventral ganglion [vg]).
1731
Accumulation of 1731 RNA is first detected in the late cellular blastoderm stage in an ubiquitous but nonuniformly intense manner (Figs. 7A and B) . This pattern disappears gradually during germ band extension. After the germ band has retracted, 1731 transcripts can be seen in the CNS in a graded (Fig. 7C) .
mdg3
High levels of mdg3 transcripts can be detected in the CNS after germ band retraction (Figs. 8A and B) .
springer High levels of springer transcripts initially accumulate in the salivary glands starting during germ band retraction and persisting through the rest of embryogenesis (Fig. 9A-C, unfilled arrows) . Transcripts also accumulate, although to a lower level, in the CNS (Figs. 9 C and D; brain [br] and ventral ganglion [vg] ). copia Accumulation of copia transcripts is first detected in segmentally repeated patches of cells along the ventral 
HMS Beagle
There is no detectable accumulation of HMS Beagle RNA prior to germ band extension. During germ band extension, HMS Beagle transcripts are first detectable in the neuroblasts (Fig. 11 A) , and they subsequently accumulate at high levels in five pairs of bilateral clusters of cells on the ventral side of the embryo (Fig. 11B, arrowheads) . After germ band retraction, HMS Beagle accumulates in the CNS (Fig. 12A, arrows) . The only other embryonic accumulation of blood transcripts occurs after germ band retraction in the midgut and hindgut (Figs. 12B-D (Figs. 13H-N) . In both strains, opus is found in the yolk nuclei during early embryogenesis (Figs.  13A, H, I ; filled arrows) and at high levels in the CNS from germ band retraction on (Figs. 13D, F , G, K, M and N; brain [br] and ventral ganglion [vg] ). The conservation of these aspects of the pattern suggests that they are regulated by sequences within the opus element itself. In addition, in L-S embryos, opus RNA can also be detected in seven stripes during the cellular blastoderm and early gastrulation stages (Figs. 13A  and B, arrowheads) . During germ band extension, this pattern evolves into a 14-stripe pattern characteristic of some of the segment polarity genes (e.g. engrailed (Fjose, McGinnis & Gehring, 1985; Kornberg et ai, 1985) ) (Fig. 13C, asterisks) . In contrast, U-S embryos exhibit no striped pattern of accumulation; instead, opus transcripts accumulate at high levels in the salivary glands from germ band retraction onwards (Figs. 13K-N, unfilled arrows) . The strain-specific expression patterns of opus are likely to be caused by transcriptional regulatory elements located nearby one or more of the opus insertion sites, which are specific to each strain. gypsy Gypsy transcripts first accumulate during germ band retraction in a small group of the outermost ventral cells in the stomodeal invagination (Fig. 14A) as well as in the yolk nuclei ( Fig. 14A and B; filled arrows) . In addition to persisting in the stomodeal derivatives, gypsy transcripts can be detected after dorsal closure in the visceral mesoderm (Fig. 14C ) and the gonads (Fig. 14C, curved arrows) . In a fully developed embryo, the only detectable transcript accumulation is in the pharyngeal opening and esophagus (Fig. 14D , white arrowheads).
Discussion
Conserved transcript accumulation patterns suggest that retrotransposons carry cis-regulatory sequences that interact with host transcription factors
The patterns of transcript accumulation for each of the fifteen families of retrotransposons investigated here are almost perfectly conserved among the different wild-type Drosophila melanogaster strains examined. Since the chromosomal insertion sites for each family of elements are highly polymorphic among different strains (Strobel, Dunsmuir & Rubin, 1979) , the conserved transcript accumulation pattern for each family of retrotransposons is likely to be a consequence of cw-regulation through sequences contained within the elements themselves. Only in the case of the opus element did we observe marked position effects likely to have been caused by the chromosomal sequences adjacent to the insertion site of one or more of the elements resident in each strain. Significantly, however, these position effects were overlaid on a conserved pattern of transcript accumulation that is likely to have been mediated (A, B) , RNA can be detected in seven stripes during these stages (arrowheads). This pattern in L-S evolves into a 14-striped pattern during germ band extension (asterisks). (D, K) Germ band retraction stages. Conserved transcript accumulation occurs at high levels in the through sequences within the opus element itself. Additional support for the idea that retrotransposons carry their own regulatory sequences comes from our identification of indistinguishable patterns of accumulation of transcripts encoded by the 412 and mdgl retrotransposons. These share significant sequence similarity, particularly within their LTRs and at the junction of their 5'-LTRs and their internal regions, suggesting that these sequence identities might mediate the conserved expression patterns.
To identify the specific internal sequences that are responsible for the retrotransposon expression patterns, detailed transgenic analyses will be required. For one of these elements, the 412 retrotransposon, such evidence has recently been provided. 412 has been shown to carry sequences within the LTR that are bound by the ULTRABITHORAX(UBX) homeodomain protein and capable of conferring appropriate spatial expression upon reporter sequences in transgenes (P. Feinstein and R. Mann, personal communication) . Thus, expression of 412 in the visceral mesoderm of parasegments 6 through 14 (Fig. 4) is likely to be a direct consequence of transcriptional activation by the UBX transcription factor. In addition, it has recently been shown that 17.6 expression occurs specifically in the lamina anlage of the developing adult visual system, and is controlled by the combined action of an enhancer in the 5'-LTR and a repressor region in the body of the retrotransposon (Mozer & Benzer, 1994 Although developmental regulation of transcription of retrotransposons has been well documented, the extent of temporal and spatial regulation revealed by this study is striking-all fifteen families of retrotransposons examined here show dynamic spatio-temporal expression patterns during embryogenesis. Expression in several tissues appears to be conserved among a number of the retrotransposon families. For example, B104 and 17.6 are expressed in the somatic mesoderm; 412, 297 and gypsy in the visceral mesoderm; 17.6, 412, mdgl, 297 and gypsy in the gonads (likely the mesodermally derived cells rather than the germline (Brookman et al., 1992) ); 297, 1731, mdg3, copia, HMS Beagle and opus in the central nervous system late in embryogenesis ; and B104, blood, gypsy, 297 and opus in yolk nuclei of early embryos. It will be interesting to determine whether these conserved accumulation patterns correlate with conserved sequences within the elements, possibly within their LTRs. We have already mentioned the highly conserved expression patterns of 412 and mdgl, possibly a consequence of their extensive overall sequence similarity. In particular, 14 of the 18 bases of their putative primer-binding sites are identical, and there are 27 bases immediately internal to their 5'-LTRs that are identical (Will, Bayev & Finnegan, 1981) . In contrast, although the 297 and 17.6 elements share extensive sequence homology over a 1.7 kb 3'-region, they exhibit almost completely non-overlapping patterns of expression in the embryo, suggesting that the internal regions that confer these patterns might reside in the more 5'-region of these elements. This has recently been shown to be the case for the control of 17.6 expression in the lamina anlage of the visual system (Mozer & Benzer, 1994) .
Available sequence similarity and transcription factor binding-motif computer search programs are unable to reveal sequence motifs that are common to elements with conserved expression patterns (data not shown). Convincing proof of shared trans-acting factors and related internal cw-regulatory sequences will require direct molecular evidence for binding of specific host factors to particular retrotransposon sequences in transgenes as well as in vitro (see above for 412 and UBX).
Several of the transcript accumulation patterns we have seen are unique to particular tissues and/or times, as well as to particular families of elements. For example, 3S18 transcripts are the only ones found in the malpighian tubules, and blood transcripts are the only ones found in the hindgut. Again, it will be of some interest to determine which sequences within these elements mediate activation in these tissues.
Since the retrotransposons do not themselves encode tissue-specific transcription factors, the observed spatio-temporal transcript accumulation patterns are likely to be a consequence of the interaction of host factors with sequences within the elements themselves. This has been shown to be the case for UBX and the 412 element (see above) as well as copia (Cavarec & Heidmann, 1993) , and it will be of interest to identify additional host factors responsible for the expression patterns of the other elements.
It is worth noting that the spatially restricted expression of some of these retrotransposons makes them potentially useful as markers to follow the formation of specific embryonic structures in both wild-type and mutant embryogenesis, as has been demonstrated for the 412 element in the somatic component of the gonad (Brookman et al., 1992) . For CNS (vg: ventral ganglion) . In addition, in U-S embryos, transcripts accumulate in the salivary glands (open arrow). (E, F, G, L, M and N) Post-germ band retraction stages. Conserved accumulation continues in the brain (br) and ventral ganglion (vg). In U-S embryos, transcripts continue to accumulate at high levels in the salivary glands (unfilled arrows). Anterior is to the left and dorsal up, except in (E), (F), (L) and (M), which are ventral views. example, springer could serve as a marker for the salivary glands and 3S18 for the malpighian tubules.
Evolutionary implications of intrinsic spatio-temporal control of retrotransposon expression patterns
It is over forty years since the discovery of transposable elements led to the suggestion that they might play a role in the control of gene expression (McClintock, 1951) . Subsequently, the fact that insertion of transposable elements could cause alterations in developmental gene expression led to the suggestion that such transposition events could also be responsible for changes in gene expression during evolution (Fincham & Sastry, 1974) . This type of change might be expected to be of particular importance since alterations in the regulation of gene expression are likely to be more important for morphological evolution than alterations in the coding regions of genes (King & Wilson, 1975; Li & Noll, 1994) .
It was suggested some time ago that retrotransposon insertion could cause mutant phenotypes by affecting the transcription of a nearby gene through an influence of the element's regulatory sequences on the nearby endogenous promoter (Parkhurst & Corces, 1985) . Some more recent analyses of spontaneous mutations caused by retrotransposon insertion illustrate how this type of change can affect morphological phenotype. In chickens, the presence of a retroviral LTRderived promoter upstream of the gonad-specific aromatase gene causes extragonadal expression of aromatase and gives rise to the Henny-feathering trait (Matsumine et ah, 1991) . Similarly, tissue-specific transcriptional regulatory sequences within the retrotransposon Tom are believed to be responsible for the Om(lD) rough-eyed phenotype of Drosophila ananassae by induction of eye-imaginal disc expression of a homeodomain protein (Tanda & Corces, 1991) .
While the previous two examples result in mutant defects, there are also examples of normal genes whose transcriptional regulatory elements contain LTRs derived from retrotransposons [reviewed in (Robins & Samuelson, 1992) ]. First, the LTR sequence of an ancient provirus is thought to impose androgen regulation on the mouse Sex-limited protein (Sip) (Adler et al., 1991; Stravenhagen & Robins, 1988) . Second, a retrotransposon has been found to be responsible for regulation of salivary gland expression of the human amylase gene (Matsumine et al., 1991) . Third, retrotransposons might program tissue specific expression of anthocyanins in maize (Radicella et al., 1992) .
Our results suggest that the retrotransposons in the Drosophila genome contain a rich repertoire of transcriptional regulatory elements that could confer novel spatial and temporal patterns of expression on host genes into, or near, which they insert (Robins & Samuelson, 1992) . Should such an insertion occur in the germline, the altered expression pattern would be heritable and thus could ultimately become material for evolutionary change. The hypothesis that gene duplication followed by divergence forms the basis for much evolutionary novelty was elaborated some time ago (Lewis, 1951) . It has, however, only recently been shown that divergence in the cw-regulatory regions is likely to serve as an important basis for the evolution of distinct developmental functions (Li & Noll, 1994) . On the basis of the data presented here, insertion of retrotransposons into regulatory regions might serve as one of the mechanisms promoting the acquisition of novel spatio-temporal control functions by these regions. Elucidation of the exact regulatory sequences within the retrotransposons and their comparison with the cw-regulatory regions of developmentally important genes expressed in similar, or overlapping, patterns might ultimately allow the elucidation of evolutionary alterations caused by specific retrotransposon insertion events.
